I estimate a dynamic stochastic general equilibrium model where the policymaker and the private sector have imperfect knowledge about potential output. The estimation of the structural parameters and of the monetary authorities'objectives is key to assess the quantitative relevance of the imperfect information problem and to evaluate the robustness of previous exercises based on calibration. The estimated model also allows me to revisit the Orphanides (2001, 2003) …ndings that the central bank can makes large and persistent mistakes to estimate potential output in response to productivity and cost shocks. I …nd that when real unit labour cost is used as a monetary policy indicator, the potential output uncertainty has quantitatively negligible consequences on policy behaviour and in ‡ation dynamics.
Introduction
Central banks'inability to observe the potential output in real-time has received attention as having important implications for the conduct of monetary policy. For example, Orphanides (2001, 2003) , Lansing (2000) , Cukierman and Lippi (2005) have highlighted how the signi…cant misperception of potential output, following the productivity slowdown of the early 1970s, may have contributed to the rise of U.S. in ‡ation.
Although these previous studies shed light on the economic mechanisms by which the imprecise measurement of potential output might a¤ect the policy behavior and thus, the dynamics of in ‡ation, they have been conducted mainly by means of calibrations (e.g. Ehrmann and Smets (2003) , Cukierman and Lippi (2005) ). First, this paper estimates a dynamic stochastic general equilibrium model (DSGE) which explicitly accounts for the incomplete information about the state of the economy by means of Bayesian techniques. The estimation of the structural parameters and of the monetary authorities' objectives allows to appraise empirically the quantitative importance of the potential output uncertainty and also, provides a benchmark for evaluating the robustness of previous calibrations.
Second, this paper illustrates that the quantitative implications of the potential out-put uncertainty crucially hinge on the information set available to the policymaker. This is done by comparing the case in which the central bank uses noisy measures of output, in ‡ation and real unit labor cost to estimate the potential output level with the counterfactual situation in which the real unit labor cost indicator is removed from the central bank's vector of observables.
An interesting contrast emerges between the two potential output estimates. The results reveal that the central bank makes a large and persistent error in forecasting the output gap, when output and in ‡ation are the only observables that are used to estimate the potential output. In particular, following a unitary decrease in potential output, the output gap is perceived for more than 7 quarters as negative whereas it is actually positive. The forecast error leads optimal policy to deviate from its benchmark value of full information causing a persistent in ‡ation increase (about 12 quarters) in comparison with the temporary e¤ect under complete information. When the real unit labor cost indicator is instead available to the central bank, the forecast error turns out to be quantitatively negligible. As a consequence, the optimal policy does not deviate substantially from its benchmark of full information. In this case potential output uncertainty does not produce quantitative noticeable consequences on in ‡ation dynamics.
The results in this paper are in line with the …ndings of Lippi and Neri (2007) for the euro area. Using a small DSGE model estimated through likelihood-based methods and under the assumption of imperfect information, the authors analyse the information role of the unit labor cost and monetary aggregates. They show that the former contains useful information on potential output that help to stabilize the output gap target.
The paper proceeds as follows. Next section presents the model. Section 3 illustrates the estimation details and comments the results. Section 4 analyses the quantitative e¤ects of signal extraction errors arising from potential output uncertainty and, along this dimension, the usefulness of real unit labor cost as a monetary policy indicator. Section 5 concludes.
The model economy
The model, taken from Ehrmann and Smets (2003) , consists of the following equations:
where t ; y t ; y t ; and i t denote, respectively, in ‡ation, output, potential output and the nominal short term interest rate. The preference shock u y;t , the cost -push shock u ;t and the potential output shock u y;t are i.i.d. innovations with zero mean and covariance matrix 2 u : Since in this speci…cation the dynamics of output and in ‡ation depend on both lagged and expected future values, the model is considered as a hybrid version of more traditional backward looking models such as in Svensson (1997a Svensson ( , 1997b ) and purely forward looking models such as in Rotemberg and Woodford (1997) and Clarida et al. (1999) .
The central bank chooses a path for the short-term interest rate minimizing the intertemporal loss function (4) which is over three policy goals: in ‡ation, output gap and the change in the short term nominal interest rate.
The relative weights and synthesize the preferences of the policymaker over the related policy targets.
The central bank and the other agents infer the state of the economy on the basis of three indicators. Such indicators provide contemporaneous but noisy measures of output, in ‡ation and real unit labor cost (y t ; t ; c t ; respectively) and are represented by the following vector of measurables:
The measurement errors in the vector v are assumed to be i.i.d. with covariance matrix 2 v and they are uncorrelated with the vector of innovations u. According to the New Keynesian paradigm, the …rms'inability to adjust prices optimally every period creates the existence of a wedge between output and its natural level (output gap). As shown, among others, by Rotemberg and Woodford (1997) , the output gap is proportional to deviations of real marginal cost from steady state. Hence, a measure of real marginal cost can be used to approximate (up to a scalar factor) the true, or model-based, output gap. In line with this result and, following Lippi and Neri (2007) , I extent the model assuming that the actual value of real unit labor cost c t is given by: 
The matrices F; G; G 1 ; H; J; K; L and M are de…ned in Svensson and Woodford (2003) and depend on the parameters in , whereas X 
Estimation
This section illustrates the estimation of the model by means of Bayesian techniques.
The data f t used in the estimation are the short-term nominal interest rate and the three observables of the theoretical model: output, in ‡ation and real unit labor cost. 1 The measurement equation is given by:
where S t h X t X tjt 1 i 0 represents the state variables of system (10-13) and e 2;t :
is the vector of measurement errors which is inclusive of t h 0 0 0 i;t i0 : Since the measurement errors already appear in the theoretical model (the vector v t ), the element in t associated with the observables are assumed to be identically zero. The measurement error i;t on the interest rate is instead needed in order to avoid a stochastic singularity problem. The measurement equation (14) and the law of motion of the states S t represent a state space system to which the Kalman …lter as in Sargent (1989) can be applied. 
Estimation results
The analysis produces reasonable posterior distributions for the model parameters. Data are informative in the sense that posterior distributions are more concentrated and many of them, are shifted relative to the priors. Table 1 information, does not perfectly recognize if those e¤ects are caused by a negative potential output shock or a positive cost-push shock (or a combination of both). As a result, it is forced to assign some probability to the fact that this is actually a positive cost-push shock which causes an over-prediction of the potential output. Second, the forecast error leads the optimal interest rate to deviate greatly from its benchmark value under perfect information causing a persistent raise in in ‡ation (about 12 quarters) in comparison with the temporary e¤ect under complete information. Figure 2 analyses the responses of the variables of interest following a positive costpush shock. As a consequence of the signal extraction problem, the central bank assigns some probability that a negative potential output shock is hitting the economy, causing an under -prediction of the potential output. However, since temporary cost-push shocks are estimated to be more volatile than those to potential output, the magnitude of the forecast error is small and the optimal policy is not signi…cantly di¤erent from its benchmark of full information. cator is removed from the vector of observables. This e¤ect is mainly due to the raise of the standard deviation of the output gap. On the contrary, the volatility of the interest rate changes declines marginally. This last result could be due to the fact that when unit labor costs are removed from the information set, the greater uncertainty concerning the estimate of potential output causes a reduction in monetary policy activism.
Robustness

Changes in priors
An important result of the previous section is that following a potential output shock the output gap forecast error is quantitatively negligible when real unit labor cost is included in the central bank's vector of observables. Equation (13) provides the optimal predictor of the state vector using the Kalman …lter. As discussed in Svensson and Woodford (2003) , the Kalman gain matrix K is given by: 16) where the matrix P Cov[X t X tjt 1 ] is the covariance matrix for the prediction errors (X t X tjt 1 ) and ful…lls:
The Kalman gain matrix K provides the optimal weights on the vector of observable variables. Namely, row j of K gives the optimal weights in updating of element j of X t :
Column l of K gives the weights a particular observable variable Z lt receives in updating the elements of X t : Note that equations (16) and (17) 
Alternative timing for indicators
Because information on real variables is usually released with a quarter lag, this section studies the sensitivity of the results to the assumption that both y The relevance of these …ndings suggests that some working assumptions are worth further analyses. First, it is important to understand to what extent the results depend on the linear-quadratic framework used. In this context, uncertainty and imperfect information do not in ‡uence the optimal monetary policy because it is characterized by certainty equivalence. Second, the small DSGE model used in this paper is very simple and therefore potentially misspeci…ed. Integrating capital accumulation, sticky wages and capital adjustment costs in the analysis as in the current generation of DSGE models would be a highly useful undertaking.
In the same way, substituting (13) into (11) and (9) I get:
Finally, I can rewrite (23) and (24) in state-space form:
where
adding a vector of measurement errors I get:
where e 2;t Dv t + t ; is the vector of measurement errors and t h 0 0 0 i;t i0 :
V 3 E(e 1;t+1 e 0 2;t ) = 
The Kalman …lter is then applied to the state space model (18) and (22). The …lter takes the observations of f t for t = 1; 2; :::::T and works recursively to construct a series of forecast errors as follows:
where f tjt 1 is the prediction of the observable variables given the information available at period t and the forecast error covariance matrix is given by:
Since by construction, the forecast error w t is serially uncorrelated and normally distributed for all t = 1; 2; ::::; T with mean zero and covariance matrix t ; then loglikelihood function is given by:
The optimal predictor of the states vector using the Kalman …lter is given by:
where the matrix K t is the Kalman gain and
Prior Distributions
The …rst four columns of Table 1 
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